Fig. 1. Main differences between the original
model and the subsequent, more complex models of familiar people recognition.
Figure 1 reports in a schematic manner the main differences existing between the Bruce and Young (1986) model and the following models (e.g. Burton et al., 1990 ) with respect to the locus of generation of familiarity feelings and to the relations between PINs and personspecific semantic information. But even the Burton et al.'s (1990 Burton et al.'s ( , 1999 , Brédart et al.'s (1995) and Valentine et al.'s (1996) statement that information about people is stored in an amodal format in the person-specific Bruce & Young's (1986) model Burton et al's (1990) semantic system is open to controversies, because some authors (e.g. Snowden et al., 2004; Gainotti et al., 2003 and Gainotti, 2007a and 2011) maintain that this information is stored in a different format at the hemispheric level, i.e. in a multisensory/pictorial format in the right hemisphere and in a verbally-coded format in the left hemisphere. Coming back from these general models and controversies to the dominance of face recognition in the identification of famous (or personally familiar) people, it is necessary to clearly distinguish 'prosopagnosia' (a defect of face/people recognition, restricted to the visual modality) from multimodal disorders in familiar people recognition, but this distinction has not been systematically made in the literature, because many patients who showed a multimodal disorder in familiar people recognition have been described as affected by prosopagnosia. This failure to distinguish prosopagnosia from multimodal familiar people recognition disorders is probably due to the dominance of faces in the recognition of known people and can be observed both in anatomo-clinical observations and in group studies. To stress the frequency with which patients affected by a multimodal people recognition defect have been considered as instances of prosopagnosia, and to underline the anatomical locus of lesion that subsume the multimodal forms of familiar people recognition disorders, we will limit ourselves to quote two classical anatomo-clinical observations, and two recent group studies of patients affected by right temporal variant of fronto-temporal degeneration (Hodges, 2000; Snowden et al., 1996; Tyrrel et al., 1990) . The first anatomo-clinical observation, originally reported by Bouduresque et al. (1979) and afterwards studied in more details by Sergent & Poncet (1990) , concerned a patient (M.me V.) who, after a Herpes Simples Encephalitis (HSE), complained of severe difficulties to recognize familiar people by face, in the absence of intellectual, memory, linguistic or visual defects. The claim that M.me V's defective recognition of familiar people was not due to a subtle disorder of visual perception was documented by the fact that she showed no problems in the treatment of unknown faces during administration of a test similar to the Benton and Van Allen (1968) face matching test. Bouduresque et al. (1979) also noted that their patient repeatedly claimed being able to identify her family members, by hearing their voice, but that her performance was very poor when voice identification was investigated with an objective procedure. As for the lesion location, she showed on CT scan, a massive damage of the anterior parts of the right temporal lobe (RTL), in keeping with the usual localization of lesions caused by HSE (Gitelman et al., 2001 ). The second anatomo-clinical observation concerned a man (LP) reported by De Renzi (1986) and De Renzi et al. (1987) , who had also suffered from a previous HSE. This patient showed a widespread semantic disorder, but was unimpaired from the attentional, linguistic and visual point of view (including tests performed with unknown faces) and was considered as a case of 'associative prosopagnosia' (De Renzi et al.,1991) , even if he also showed a multimodal defect of familiar people identification. As in the Bouduresque et al. 's (1979) patient, the anatomical lesion involved the antero-mesial parts of the temporal lobes, but this time with a left-sided prevalence. The two group studies relevant to the distinction between prosopagnosia and multimodal familiar people recognition disorders have been reported by Josephs et al. (2008) and by Chan et al. (2009) . The first authors, starting from the description of a 'progressive prosopagnosia' in two SD patients (Evans et al., 1995; Joubert et al., 2003) , tried to assess with the 'voxel-based morphometry' (VBM) the patterns of gray matter atrophy in SD patients with and without prosopagnosia. Results of this study showed that in SD patients with prosopagnosia atrophy mainly affects the antero-mesial parts of the RTL, whereas in those without prosopagnosia the lesion mainly involves the left temporal lobe. Chan et al. (2009) , on the other hand, tried to identify the clinical profile associated with predominantly RTL atrophy and observed that prosopagnosia was reported by 60% of these patients. Note that, just as Bouduresque et al. (1979) and De Renzi (1986) , also Josephs et al. (2008) were aware of having made an inappropriate use of the term 'prosopagnosia', because, contrary to what happens in real prosopagnosia, in their patients the person recognition defect was not confined to the visual (face) modality, but also concerned the voice and the name of the known person. In any case, the just mentioned anatomo-clinical observations and the results of the group studies show that in patients with multimodal familiar people recognition disorders, the lesion lies outside the posterior temporo-occipital network involved in face processing. This network spans, indeed, from the inferior occipital areas ('Occipital Face Area/OFA of Gauthier et al., 2000) to the lateral portion of the mid-fusiform gyrus where is located the Face Fusiform Area (FFA/ Kanwisher et al., 1997) , whereas in patients showing a multimodal familiar people recognition disorder the lesion mainly involves the anterior parts of the TL.
Patterns of familiar people recognition disorders observed in patients with right and left anterior temporal lesions
Since in patients with multimodal familiar people recognition disorders the lesion can involve both the right (as in the Bouduresque et al. 's, 1979 patient) and the left anterior TL (as in the case reported by De Renzi, 1986), it became necessary to assess if familiar people recognition disorders are similar or different in patients with right and left TL lesions and to evaluate if these differences are relevant with respect to the controversies among theoretical models that we have summarized in the first part of the introduction. The first important contribution in this direction has been provided by Snowden et al. (2004) , who have argued that a fine-grained investigation of the person-specific semantic impairment obtainable from visual (face) and verbal (name) stimuli in patients with degenerative lesions of the right and left TL could contribute: (a) to evaluate if different patterns of familiar people recognition disorders can be observed in patients with right and left TL lesions and (b) to clarify the debate concerning the 'unitary'(abstract-amodal) or 'non-unitary' (concretemultisensory vs verbally-coded) format of semantic representations. One of the cornerstones of this debate turns, in fact, around the hypothesis that dissociations in access to the semantic representation through the visual and the verbal modalities may be due to the 'perceptual affordances' of objects, namely to the perceptual features that could "suggest" which actions can be performed with those objects (Norman, 1988) , allowing 'privileged accessibility' from vision to part of the semantic representation (Caramazza et al., 1990) . Snowden et al. (2004) reasoned that, since people's faces and names are arbitrary, the study of person-specific semantic information obtainable from visual (face) and verbal (name) stimuli in patients with degenerative lesions of the right and left TL could represent a potentially valuable means of addressing the unitary vs non-unitary semantic systems controversy, ruling out the possible influence of the perceptual affordances of objects. Results of their study showed that semantic information accessed through face and name are different according to the prevalent side of atrophy. Semantic dementia patients with predominantly left temporal lobe atrophy identified faces better than names and performed better on the picture than on the word version of the semantic memory 'Pyramids and Palm Trees' test (Howard & Patterson, 1992) , whereas patients with right temporal lobe atrophy showed the opposite pattern of performance. These data were considered as incompatible with a unitary abstract model of semantic memory. A problem with this study consisted of the fact that, due to the rarity of this disease, the number of patients reported by Snowden et al. (2004) was relatively small and that paired comparisons between patients with right and left TL atrophy did, therefore, seldom reach significance. Since studies of semantic dementia patients typically involve single case studies, we thought that a strategy allowing to further check the Snowden et al.'s (2004) hypothesis could consist in systematically reviewing all the published individual cases of patients with a prevalent damage to the anterior parts of the right or left TL, in whom disorders of person recognition were on the foreground. Results of our review (Gainotti, 2007a) confirmed the findings of Snowden et al. (2004) and offered data provided of theoretical significance, since they were consistent with the Bruce and Young (1986) model, and inconsistent with the alternative models of Burton et al. (1990 and , Bredart et al. (1995) and Valentine et al. (1996) , with respect both to the locus of generation of familiarity feelings and to the functions of the PINs. As for the first point, two main findings suggested that familiarity judgements were generated at the level of the modality-specific recognition units rather than at the PINs level. The first was that familiarity judgements were much more impaired in right than in left TL patients and the second that in patients with RTL lesions familiarity defects were modalityspecific, concerning more famous faces than famous names. These findings suggested that familiarity feelings, being modality-specific, should be generated at the level of recognition units and in particular of the FRUs, that could be more represented in the RTL due to the major role played by the right hemisphere in face processing (De Renzi, 1986; De Renzi et al., 1994; Michel et al., 1989) . As for the second point, results of our review were inconsistent for two main reasons with the hypothesis assuming that PINs provide a modality-free gateway to a single system, where semantic information about people is stored in an amodal format. The first was that in patients with a RT damage the loss of person-specific semantic information, was clearly greater from face than from name. The second was that an important imbalance between the amount of person-specific information available from faces and names was also found in right and left TL patients who, showing intact or mildly impaired familiarity judgments, should have (according to the previously mentioned cognitive models) no defect at the PINs level. A factor that could weaken the relevance of results obtained in our review, with respect to the models of familiar people recognition, was the Haslam et al.'s (2004) observation that in normal subjects both familiarity judgements and access to biographical information are more accurate in response to names than to faces. Now, since in studies considered in our review there were often no normative data, that considered separately familiarity judgement and biographical information obtainable from faces and from names, it was possible that the greater loss of familiarity feelings and of biographical information obtained from faces by RTL patients was in part due to this methodological pitfall. To check if differences observed in our review between patients with right and left anterior TL atrophy were due to the 'normal' differences about familiarity judgements and access to biographical information in response to names and faces reported by Haslam et al. (2004) , we conducted a new research (Gainotti et al., 2010) in which we made use of two very well controlled normative studies, recently conducted by Bizzozero et al. (2005) and by Bizzozero, et al. (2007) on Italian participants. In the Bizzozero et al. (2005 and norms, the influence of age, education and gender on familiarity recognition and on person identification from faces and names had been controlled by means of covariate linear models, removing the effect of each variable and calculating from each subject's raw score the corresponding adjusted score. In a second step, the adjusted scores had been classified into five equivalent scores categories, ranging from 0 (= scores lower than the outer 5% inferential tolerance limits) to 4 (= scores higher than the median value of the sample). Furthermore, in the Bizzozero et al. 's (2005 and 2007) data, the semantic interviews aiming to assess the person identification were restricted to the faces and names correctly judged as familiar by the patient and therefore to people whose PINs should be unimpaired. Possible discrepancies between results obtained from faces and names with this procedure should, therefore, point to a different format of the semantic representation accessed through these different channels and could not be explained on the basis of methodological inconsistencies. The Bizzozero et al. (2005 and tests of face and name recognition and identification were administered to two patients, showing a selective mild difficulty of familiar people identification and naming due to a predominantly right and left TL atrophy, to see if the conclusions of our previous review were confirmed even with this highly controlled material. If the conclusions of our previous review were correct, the right TL patient should again show a greater impairment of familiarity feelings and of access to person-specific semantic information from faces, whereas, if results of our previous review were biased by a 'normal' advantage of names over faces we should observe in this patient no name advantage in familiarity judgment or access to person-specific semantic information. Data obtained in the right TL patient by Gainotti et al. (2010) confirmed the results of the previous review, since this patient showed: (1) a very impaired familiarity for faces, contrasting with a spared familiarity for names, indicating that familiarity judgments are generated at the level of modality-specific recognition units and not of a supramodal PIN; (2) a prevalent impairment of personspecific information available from faces rather than from names also for people that (being recognized as familiar from their face and name), should be normally represented at the PINs level.
The format of person-specific semantic information
Results of our previous review (Gainotti, 2007a) and behavioural data (Gainotti et al., 2010) obtained in a right TL patient, affected by a selective defect of familiar people identification, had a third implication, besides the fact of showing: (a) that familiarity feelings are generated at the level of modality-specific recognition units and (b) that PINs cannot be simply considered as a modality-free gateway to the person-specific semantic system, because they also suggested (c) that semantic information about people is stored in a different format at the level of the right and left temporal lobes. These data, therefore, confirmed the previous results of Snowden et al. (2004) who had shown that semantic dementia patients with predominantly right temporal lobe atrophy are more impaired with faces than with names, whereas patients with left TL atrophy show the opposite pattern of performance. Taken together, data obtained by Snowden et al. (2004) and our results strongly suggested that semantic representations of famous people are not represented in an 'amodal format' in both temporal lobes, but in a pictorial format in the right and in a verbal format in the left temporal lobe. Furthermore the Snowden et al.'s (2004) observations that semantic dementia patients with predominantly right temporal lobe atrophy perform worse on the picture than on the word version of the semantic memory 'Pyramids and Palm Trees' test (Howard & Patterson, 1992) , suggest that this different format is not limited the semantic representation of famous people, but also extends to other conceptual domains. This suggestion is supported by both behavioural and neuroimaging data. Behavioural data in line with the assumption of a prevalent involvement of the left TL in verbal and of the right TL in pictorial aspects of conceptual knowledge, have been obtained by Damasio et al. (1996 and and Tranel et al. (1997) in patients with focal lesions of the left and right temporal lobes. Damasio et al. (1996 and showed that defective retrieval of words denoting entities from various conceptual domains (such as famous people, animals or artefacts) was associated with lesions encroaching upon different parts of the left temporal lobe, whereas Tranel et al. (1997) demonstrated that impaired recognition of pictures representing persons, animals or tools was associated with lesions of the homologous areas of the right temporal lobe. According to these authors, both the left and the right temporal lobes play a mediational role in concept retrieval, but in the left hemisphere the activation of the "word" intermediary region promotes the retrieval of lexical knowledge required for word production, whereas in the right hemisphere the recollection of the perceptual properties of a given stimulus promotes the concrete sensorimotor representation of knowledge pertaining to that object. Other behavioural data consistent with the hypothesis of a different involvement of the left and right temporal lobes in verbal and pictorial aspects of conceptual knowledge have been obtained in SD patients by Ikeda et al. (2006) . These authors tested 10 SD patients and 10 matched controls on an object recognition task in which they were invited to choose (from a four-item array) the picture representing "the same thing" as an object picture that they had just inspected and attempted to name. The target in the response array was never physically identical to the studied picture but differed from it for various aspects. The patients whose structural brain imaging revealed major right-temporal atrophy were more impaired than those with an asymmetric pattern characterised by predominant left-sided atrophy, showing that they had a selective defect in the retrieval of the pictorial properties of objects.
3.1 Correlations between cognitive and neuroimaging data, studying person related and conceptual knowledge with verbal and pictorial material A different role of the right and left ATL has been documented by functional neuroimaging investigations that have taken into account different aspects of familiar people recognition or of conceptual knowledge. Thus, several authors have documented a prevalent activation of the right temporal lobe for famous faces (Ishai et al., 2005) , for famous -contrasted with newly learned -faces (Leveroni et al., 2000) , during association between faces and personspecific semantic information (Tsukiura et al., 2008) or during a semantic categorization task of famous faces (Brambati et al., 2010) . On the other hand, Tsukiura et al. (2008) have shown that the left ATL may mediate associations between names and person-related semantic information and similar results have been obtained by Brambati et al. (2010) , who have shown an increased activation of the left anterior TL when subjects were asked to determine whether a stimulus photograph matched with the label of a profession category. Consistent with these results obtained studying different aspects of familiar people recognition are results of investigations which have assessed the correlations between neuroimaging data and conceptual impairment in the verbal and pictorial modality. Thus, Acres et al. (2009) and Butler et al. (2009) , evaluating conceptual knowledge with verbal and pictorial material, and the severity of temporal lobe atrophy with voxel-based measures, have shown that verbal semantic defects are on the foreground when the atrophy mainly affects the left temporal lobe, whereas non-verbal conceptual disorders tend to prevail when the right inferior temporal structures are preferentially disrupted. Similar data have been recently obtained by Mion et al. (2010) , who examined with FDG-PET the neural correlates of verbal and non-verbal semantic measures in SD. The semantic verbal task was a picture naming task, whereas the non-verbal semantic task was the 'Camel and Cactus test' (Bozeat et al., 2000) , similar to the pictorial version of the semantic memory 'Pyramids and Palm Trees' test (Howard & Patterson, 1992) . Regions of interest (ROIs) were the left and right anterior fusiform gyri and the temporal poles. The left anterior fusiform activity predicted performance on the verbal semantic tasks, whereas the right anterior fusiform metabolism predicted performance on the non-verbal semantic task. Furthermore, an additional behavioural study, performed on a wider cohort of SD patients, confirmed that patients with more extensive right TL atrophy are significantly more impaired on tests of non-verbal semantics.
Concluding remarks on the implications of these data for models of familiar people recognition
We will conclude this chapter by reporting in a schematic manner in Figure 2 the implications that data concerning: (a) the patterns of familiar people recognition shown by right and left TL patients and (b) the different format of (person-specific or conceptual) knowledge represented in the right and left temporal lobes could have for models of familiar people recognition. Two main conclusions are suggested by results of investigations surveyed in the previous sections of this chapter and summarized in Figure 2 . The first is that results concerning (a) the locus of generation of familiarity feelings, (b) the relationships between PINs and person-specific semantic knowledge and (c) the format of this kind of knowledge are much more consistent with the simpler and older model of Bruce and Young's (1986) than with the more recent and complex models of familiar people recognition proposed by Burton et al. (1990 Burton et al. ( , 1999 , Brédart et al. (1995) and Valentine et al. (1996) . The second is that, to give a plausible account of data obtained in brain-damaged patients, these models cannot ignore some basic inter-hemispheric differences, such as the critical role of the right hemisphere in the generation of face familiarity feelings and the different format of person-specific semantic knowledge at the level of the right and left hemisphere. Both these issues have been thoroughly discussed in previous reviews (Gainotti, 2007b and 2011) and will be only shortly considered here as two sides of a unitary phenomenon, namely the more primitive (sensori-motor) organization of the right hemisphere and the more complex, language-mediated organization of the left hemisphere. Within this context, it is possible to assume that the early familiarity feelings may be automatically elicited through a right-hemisphere subcortical route, allowing a first, unconscious, global recognition of familiar faces and fostering the subsequent distinction of known faces (unconsciously detected) from unfamiliar faces. From the theoretical point of view, this possibility has been suggested by De Haan et al. (1991) with the following expression: 'When a FRU is activated it will signal that the face is familiar and instigate the retrieval of semantic knowledge concerning the bearer of the face'. Within the same framework, it seems logical to assume that, far from being represented in an abstract amodal format, every kind of person-specific and conceptual knowledge may consist of a more primitive perceptual-motor knowledge (more represented in the right hemisphere) and of a more complex language-mediated and language-structured knowledge, more represented in the left hemisphere. From this point of view, the prevalent impairment of person-specific information available from faces, that we have documented in patients with a right TL atrophy, could be considered as the most impressive manifestation of the disruption of the multi-sensory/pictorial knowledge that seems typical of the right hemisphere. Fig. 2 . Main differences between the familiar people recognition disorders shown by patients with right and left anterior temporal lesions. In bold are reported the modalities of people recognition and the corresponding familiarity feelings that are more represented at the level of the right and left hemisphere.
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